Simultaneous determinations of DNA content in cell nuclei and condensed chromatin bodies formed by heterochromatized regions of sex chromosomes (gonosomal chromatin bodies, GCB) have been performed in two trophoblast cell populations of the East-European field vole Microtus rossiaemeridionalis: in the proliferative population of trophoblast cells of the junctional zone of placenta and in the secondary giant trophoblast cells. One or two GCBs have been observed in trophoblast cell nuclei of all embryos studied (perhaps both male and female). In the proliferative trophoblast cell population characterized by low ploidy levels (2-16c) and in the highly polyploid population of secondary giant trophoblast cells (32-256c) the total DNA content in GCB increased proportionally to the ploidy level. In individual GCBs the DNA content also rose proportionally to the ploidy level in nuclei both with one and with two GCBs in both trophoblast cell populations. Some increase in percentage of nuclei with 2-3 GCBs was shown in nuclei of the placenta junctional zone; this may be accounted for by genome multiplication via uncompleted mitoses. In nuclei of the secondary giant trophoblast cells (16-256c) the number of GCBs did not exceed 2, and the fraction of nuclei with two GCBs did not increase, which suggests the polytene nature of sex chromosomes in these cells. In all classes of ploidy the DNA content in trophoblast cell nuclei with the single GCB was lower than in nuclei with two and more GCBs. This can indicate that the single GCB in many cases does not derive from fusion of two GCBs. The measurements in individual GCBs suggest that different heterochromatized regions of the X-and Y-chromosome may contribute in GCB formation.
Introduction
Study of genome multiplication in various trophoblast cell populations is of great importance for elucidating different mechanisms of genome reproduction responsible for performance by the trophoblast cells of their specific functions. These functions include invasion and phagocytosis of maternal tissues as well as, on the other hand, proliferation of trophoblast cell populations that do not contact directly the maternal tissues. To study behavior of chromosomes during the modified cell cycle characteristic of trophoblast cells, various chromosomal markers can be used.
One of such markers is one of two X-chromosomes, which in female individuals is genetically inactive; this provides for a dose compensation of X-linked genes in somatic cells of female (XX) and male (XY) individuals [1] . The inactivated X-chromosome is visualized in the interphase nucleus as sex chromatin or Barr body: a clump of condensed chromatin located beneath the nuclear membrane or near nucleolus [1] [2] [3] [4] . In most studied mammalian species, inactivation ("lyonization") involves a major part of one of X-chromosomes in somatic cells of female individuals [5] [6] [7] . Nevertheless, in some species, the second X-chromosome also participates in heterochromatization of sex chromosomes. Such a regularity is observed in the species whose X-chromosome contains large blocks of structural heterochromatin [8] [9] [10] [11] [12] . In several vole species the structural heterochromatin is concentrated mainly in X-and Ychromosomes [13] [14] [15] [16] [17] . On the other hand, in some vole species, large condensed chromatin clumps resembling sex chromatin (Barr body) are revealed in cells both of female and male individuals [8, 18, 19] , presumably due to a significant degree of heterochromatization of both sex chromosomes.
In the East-European field vole Microtus rossiaemeridionalis (formerly Microtus subarvalis) the structural heterochromatin also is present predominantly in sex chromosomes and forms a large, telomere-localized block in the long arm of X-chromosome and practically the entire long arm of the acrocentric Y-chromosome [16, 17, 20, 21] . Analysis of behavior of the gonosomal eu-and heterochromatin in interphase nuclei of trophoblast cells is important for study of mechanisms and role played for the inactivation of sex chromosomes in embryogenesis and embryo implantation. Besides, the bodies of the condensed chromatin formed by sex chromosomes (gonosomal chromatin bodies, GCB) in M. rossiaemeridionalis can be used to study behavior of interphase nucleus chromatin for elucidating mechanisms of cell polyploidization not only in highly polyploid nuclei, but also in nuclei of a relatively low ploidy.
Materials and Methods
Used in the work were placentae of the East-European field vole; this species was initially described as Microtus subarvalis [22] , but later, according to the nomenclature codex, was changed to Microtus rossiaemeridionalis [23] . Placentae were kindly provided by Dr.E.D. Sholl. To obtain the placentae females were caged with males and the morning on which vaginal plugs were confirmed was designated by 1 st day post coitum (pc).
The experiments were performed in compliance with regulations of the National Ethics Commettee under the auspice of the Russian Academy of Sciences.
The placentae were fixed with 3:1 mixture of ethanol and glacial acetic acid for 2 hour. A total of 12 embryos from 6 females were studied: 3 females each at the 10 th and 14 th day pc.
Permanent squash preparations were made of the main part of the material. For this purpose the fixed placentae were dehydrated in the two portions of 96% ethanol (1 hour in each portion), then incubated in one portion of 70% ethanol (2 hour); the 2-3 mm pieces of placentae were macerated for 20 min in 45% acetic acid, placed on object slides, slightly pressed and covered with coverslips. The slides were then placed on dry ice (CO 2 ). On freezing the preparations, the coverslips were removed and the slides were air-dried. The slides were Feulgen-stained (hydrolysis in 5 N HCl for 30 min at room temperature).
A part of the fixed material was dehydrated in a graded series of ethanols and embedded in paraffin; from this material, histological sections were cut at 7 µm and Feulgenstained. Besides, there was analyzed a collection material of placentae at the 9-17 th days pc (more than 30 fetuses from 8 females), which was fixed, paraffin embedded and cut according to the procedure mentioned above; these section were stained with Boemer hematoxylin and by Feulgen reaction as described above.
The DNA content was measured using a "Videotest" image analyze system composed of an CPT 83 60 digital CCDvideocamera (Chipper, USA) installed on an EC Bimam-13 microscope and of computer IBM PC 166. Input of the image and measurement of the integral optical density characterizing the DNA amount in the nucleus and separately in GCB were performed using a Videotest-Morpho software (St. Petersburg); a possibility of measuring DNA content in hepatocyte nuclei with this image analyze system was shown earlier [24] . An objective 40 × 0.65 and an interference filter at 550 nm were used. In each placenta there were analyzed from 150 to 400 trophoblast cell nuclei of each of cell populations and 50 nuclei of fetal erythrocyte nuclei as a control of the DNA content in diploid nuclei. The following parameters were evaluated: a) DNA content per nucleus in arbitrary units (a.u.) that reflects ploidy (c); b) DNA content in GCB (in individual bodies and as the total in nuclei with 2-3 GCB, in a.u); c) ratio of the DNA content in the nucleus to the total DNA content in GCB; d) number of GCB; e) percentage of nuclei containing one and several GCB. From these data, the means and the standard errors were calculated as well as the correlation coefficient (r) between various parameters. Since the DNA content in GCB could differ depending on sex of the embryos, a part of numerical data were presented for individual embryos.
Results
At the initial period of placentation of the field vole embryo (9 th day pc) the continuous layer of secondary giant trophoblast cells is present at the periphery of the ectoplacental cone; these cells invade actively decidua basalis. However, as early as at the 10 th day of development, during differentiation of the placenta junctional zone and labyrinth, accumulations of trophoblast cells of the junctional zone migrate towards decidua basalis. They move across the layer of the secondary giant cells to form finally together with them the peripheral zone of the fetal part of placenta [25] . For several next days, in the depth of the placenta junctional zone and labyrinth the mitotic activity still is high, whereas the trophoblast cells of the peripheral zone undergo differentiation and completely stop mitotic divisions.
Nuclei of the secondary giant trophoblast cells and of the placenta junctional zone of all studied field vole embryos both in the squash preparations and in the Feulgenstained sections contained one or, more seldom, 2-3 compact bodies of gonosomal chromatin. We failed to distinguish sex of the M. rossiaemeridionalis embryos by the presence of the GCB, like the sex is determined in many mammals from the presence of sex chromatin [26] [27] [28] [29] [30] [31] . Analysis of the collection material of the East-European field vole (more than 30 embryos from 8 females) did not reveal placentae whose trophoblast cells were lacked of large GCB resembling morphologically the sex chromatin. Therefore, we believe that in the vole M. rossiaemeridionalis, like in M. agrestis [18, 19] and M. oregoni [8] , the condensed bodies of the gonosomal chromatin are present in cells of both sexes. In trophoblast cells of the placenta junctional zone, GCBs are morphologically similar to Barr bodies: they are as a rule closely adjacent to the nuclear membrane surface or lay near the nucleolus. In most nuclei, one GCB was revealed; however, nuclei with 2, more seldom 3 GCBs were present not infrequently ( Fig. 1 ).
In nuclei of secondary giant trophoblast cells, 1-2 large compact GCB contacting the nuclear membrane or nucleolus are observed (Fig. 2) .
It is to be noted that at early development stages (the 10 th day pc), when nuclei contain strands of non-classic polytene chromosomes (endoprophase [32] ), GCB are somewhat similar to them by their size, while differ by a higher condensation (Fig. 2b) . At the same stages, in nuclei of the reticular structure (endointerphase [32] ) the heterochromatized body in some cases is non-uniform by the degree of chromatin condensation; occasionally, there was observed a banded pattern of a part of the body (Fig. 2a) similar to that in polytene chromosome discs.
At the late development stages (the 14 th day pc) when strands of polytene chromosomes are disintegrated presumably into endochromosomes GCBs predominantly retain their entirety: the nucleus keeps containing one-two large compact bodies (Fig. 2c,2d ,2e,2f).
We measured the DNA content in the nuclei and simultaneously in their GCBs of the secondary giant trophoblast cells and in cells of the placenta junctional zone; lower ploidy levels (2-16c) characterized the latter, as compared with the secondary giant cells (32-2048c) [25, [32] [33] [34] .
Results of measurement of the DNA content in GCBs are presented in Figs. 3,4,5 and in Tables 1,2 ,3,4. The total amount of DNA in GCBs in nuclei of trophoblast cells have been found to increase proportionally with increase of the ploidy level at both studied stages of embryonal development in the both cell populations (Table 1 , 2). This parallel increase takes place in nuclei both with one and with 2-3 GCB. Such proportional increase of the GCB material in the course of polyploidization is also confirmed by a high positive correlation between the DNA content in the nucleus and the total DNA amount in GCB (r = 0.88 and 0.79 for cells of the junctional zone of placenta at the 10 th and 14 th days pc, respectively). The separate GCBs also shown the increase of the DNA content proportionally to the ploidy level (Fig. 3, 4) . The number of GCBs in nuclei of different ploidy somewhat varies. In the trophoblast cells of the placenta junctional zone, a marked increase of the fraction of 8c and 16c nuclei containing 2-3 GCBs was found (Fig. 5a,5c ). By contrast, in the secondary giant trophoblast cells the portion of nuclei with 2 GCBs at the 10 th day of development was lower than in the 8-16c nuclei in the placenta junctional zone. At the 14 th day pc the portion of nuclei with 2 GCBs in the secondary giant trophoblast cells was markedly higher than at the 10 th day pc (Fig. 5b,5d ).
It is remarkable that the total DNA content in GCBs in nuclei with 2-3 GCBs in (junctional zone of placenta) and in nuclei with 2 GCBs (in the secondary giant trophoblast cells) in all ploidy classes, on average, exceeds the DNA content in the single body in nuclei with one GCB (Tables  1 and 2 ). This regularity is revealed at both the 10 th and at the 14 th day pc; in the latter case, it is even more pronounced. It is also to be noted that in nuclei with two GCB these bodies often differ essentially from each other by their DNA content (Fig. 4) .
The proportional rise of the DNA content in GCB during trophoblast cell polyploidization is also confirmed by the ratio of the DNA amount in the nucleus to the total DNA amount in GCB (Tables 3 and 4 ). The data obtained show that this value does not change significantly throughout the series of polyploidization rounds, which indicates a multifold augmentation of the material of heterochromatized blocks of sex chromosomes. This regularity is observed both in the low-polyploid (2-16c) trophoblast cells of the placenta junctional zone and in highly polyploid (32-128c) secondary giant trophoblast cells in all studied embryos. It has turned out that in all cases the ratio of the DNA content in the nucleus to the DNA content in GCBs in total is higher in nuclei with one GCB than in nuclei containing several GCBs. The data obtained indicate that in nuclei with 2 GCBs, sex chromosomes are heterochromatized to a greater degree, which seems to be due to a more complicated, than in other mammals, character of inactivation of sex chromosomes. The DNA content in individual GCB (Fig. 3, 4) , proved a tendency for doubling in the course of consecutive polyploidization cycles: both in cell nuclei of the placenta junctional zone and in the secondary giant trophoblast cells.
Discussion
According to the data obtained, the presence of one, more seldom two GCBs is characteristic of trophoblast cell nuclei of all studied embryos of M. rossiaemeridionalis. In this aspect our data resemble results of studying interphase nuclei of M. agrestis both in embryonal cells and in definite tissues of adult females and males [9, 13, 18, 19] . In nuclei of both male and female there were most often observed two large compact heterochromatin bodies seen as heteropicnotic areas of X-and Y-chromosomes when the cells entered mitosis. The presence of GCBs in cells of
Figure 1
The nuclei of the trophoblast cells of the junctional zone of placenta and a secondary giant trophoblast cell (down, right) with one or two gonosomal chromatin bodies (GCBs) attached to the nuclear membrane or in contact with nucleolus (10 day pc). Feulgen staining. Bar is 15 µm.
Figure 2
The secondary giant trophoblast cells of the field vole Microtus rossiameridionalis at 10th (a, b) and 14th (c-f) day pc. a -a nucleus of a giant trophoblast cell of network structure (endointerphase), the elongated GCB (GCB) with signs of disc patterns characteristical of polytene chromosomes; b -a nucleus of a giant trophoblast cell with bundles of polytene chromosomes (endoprophase); GCBs are different of these bundles by higher degree of condensation; c-f -nuclei of the secondary giant trophoblast cells with 1-2 GCBs and a great number of endomitotic chromosomes (asterisks). Feulgen staining. Bar is 10 µm. both sexes in M. rossiaemeridionalis and M. agrestis seems to be due to peculiarities of the structural heterochromatin of the vole sex chromosomes [35, 36] ; this also affects considerably the character of inactivation of X-chromosome in these animals [16, 17] .
Our data indicate that the GCB material doubles in each polyploidization cycle in the placenta trophoblast cells of M. rossiaemeridionalis. This is accompanied in the trophoblast cells of the placenta junctional zone both by a rise of the number of GCBs (the percentage of nuclei with 2-3 GCBs somewhat increases at transition from 2-4c to 8c and 16c) and by doubling of material of individual heterochromatin bodies. The rise of the GCB number at polyploidization seems to be due to the occurrence of uncompleted polyploidizing mitoses leading to an increase of the number of chromosomes [34] ; such mitoses were described in trophoblast of the placenta junctional zone of this vole species [25] . The multifold augmentation of the DNA amount in individual GCBs (in nuclei both with one and with two and more GCBs) in each genome reproduction cycle seems to be due to a tendency for the close binding of sister chromatids of sex chromosomes. In several tissues of M. agrestis not only heteropicnosis of X-and Y-chromosomes was observed in mitosis, but also a longer binding of sister chromatids of sex chromosomes in metaphase; this seems to result in their delayed separation in anaphase [18] . We observed similar pictures in M. rossiaemeridionalis (M. subarvalis [25] ) as well as in the present study (data not shown). It can be 
Figure 4
Relationship between ploidy and DNA content in the larger (black circle) and smaller (white circle) GCB in the nuclei with two GCBs in the trophoblast cells of the junctional zone of placenta (a) and seconday giant trophoblast cells (b). DNA content in separate GCBs is expressed in arbitrary units (a.u.).
suggested that the longer attachment of sister chromatids in mitosis in trophoblast cells of the placenta junctional zone might be one of prerequisite for the subsequent transition of the trophoblast cells to the endoreduplication cycle.
As to the giant trophoblast cells, in which pictures of nonclassic polyteny were observed, they also shown a multifold augmentation of the GCB material in nuclei both with one and with two GCBs; however, this is not accompanied by any clear-cut tendency of increase of the GCB number. Thus, these data confirm the polytene nature of GCBs in the giant trophoblast cells in M. rossiaemeridionalis, when the multiplication of the material of chromosomes occurs without increase of their number. This resembles behavior of Barr bodies in giant trophoblast cells of rats and rabbits [32, [37] [38] [39] .
In a number of tissues of Diptera, polytenization is accompanied by an underreduplication of heterochromatin regions [40, 41] . Data of the present work suggest the complete replication of the GCB material, a major part of which consists of structural heterochromatin. In Drosophila the underreduplication is restricted to the region containing satellite DNA [40, 42] ; meanwhile, in the field vole M. agrestis, heterochromatin of sex chromosomes does not contain satellite DNA (Arrighi et al, 1970) . This indicates the regular replication of the whole material of sex chromosomes (or of its significant part) in the giant tro- It is of interest that the total DNA content in GCBs in trophoblast cells in nuclei with two GCBs is not equal to that in the single GCB, but exceeds it in all ploidy classes. This indicates that the single GCB in many cases does not seem to result from fusion of two GCBs. In this connection, it is not unlikely that in nuclei with one and with two GCBs different heterochromatized regions of both sex chromosomes may contribute in GCB formation.
The highly condensed chromatin bodies originated from two sex chromosomes were observed in the embryonic and adult tissues of M. agrestis [18] . Thus, during cleavage the heteropicnotic sex chromosomes were revealed as paired strands of different shape, whereas both at postimplantation stages and in adult tissues the gonosomal chromatin was present as two ovoid compact clumps or elongated bodies adjacent to the nuclear membrane [18] .
Data about the time of replication of the material of gonosomes and the large chromocenters that they form in interphase indicate that the chromocenters may consist of both the inactivated euchromatic part of X-chromosome and structural heterochromatin regions of sex chromosomes. Euchromatin of the inactivated X-chromosome of M. agrestis is replicated later than the autosomal euchromatin, but earlier than constitutive heterochromatin of sex chromosomes [9, 12, 43] . A prominent chromocenter was observed in the cultured kidney epithelial cell nuclei of M. agrestis; it comprised late replicating constitutive heterochromatin and "sex chromatin" that undergoes replication later than euchromatin but earlier than constitutive heterochromatin. [9] .
The peculiarities of gonosomal chromatin body formation in field voles seem to be due to the nature of heterochromatin of their sex chromosomes. Large regions of structural heterochromatin of sex chromosomes of M. agrestis differ by their composition and properties from the pericentromeric autosomal heterochromatin that exhibits the most of characteristics of the constitutive heterochromatin. In sex chromosomes of M. agrestis, 65% of heterochromatin are composed of single copies, while 34%, of repeated sequences [35] . In these regions, retrotranspozons are accumulated [36] . It has been shown that the heterochromatin regions of M. agrestis are capable for transcription on previously condensed chromosomes to the same degree as euchromatin [44] . Therefore, some authors believe that these regions by their structural organization are similar to G-discs of metaphase chromosomes and are composed mainly of middle repetitive mobile el- ements capable for transcription [36] . Thus, the heterochromatin regions (or, at least, their individual loci) of sex chromosomes of M. agrestis have, to a degree, properties of euchromatin.
The sex chromosomes of M. rossiaemeridionalis, like gonosomes of the sufficiently well studied M. agrestis, contain a significant part of the genome constitutive heterochromatin. The X-chromosome is the largest acrocentric of the chromosomal set about a half of its long arm is composed of structural heterochromatin. The Y-chromosome also is one of the largest acrocentrics, and practically its entire long arm is composed of structural heterochromatin [45] . This allows suggesting that the gonosomal heterochromatin and the compact bodies that it forms in M. rossiaemeridionalis are similar by their nature to those in M. agrestis. These bodies most likely can include both constitutive heterochromatin of sex chromosomes and inactivated euchromatin of one of X-chromosomes. It cannot be ruled out that the structural non-homogeneity of large GCB in the giant trophoblast cells of M. rossiaemeridionalis, in particular, the disc-like pattern in several parts of GCBs (Figure 2a ) belongs to regions of inactivated euchromatin of X-chromosome.
The presence of two and more GCBs in trophoblast cells of M. rossiaemeridionalis can be due both to genome multiplication and to the fact that the constitutive heterochromatin and inactivated euchromatin of both sex chromosomes (XX and XY) form two, rather than one, large chromocenters. Difference between the DNA amounts in GCBs in nuclei with one and with two GCBs seems to be an indirect indication in favor of possible formation of two chromocenters from two different gonosomes. Thus, in female embryos (XX) one of two X-chromosomes may be lyonized and form a larger GCB.
The present work has revealed a peculiarity of the time of detection of GCBs in M. rossiaemeridionalis as compared with sex chromatin bodies in the rat and rabbit trophoblast. In these animals the sex chromatin bodies are observed during early embryonal development, when trophoblast cells undergo endoreduplication. At later development stages processes of chromosome replication are terminated, non-classic polytene chromosomes cease to be visualized and the nuclei acquire a reticular structure. This is accompanied by a gradual decondensation of the sex chromatin bodies [37] [38] [39] . In the trophoblast of M. rossiaemeridionalis, gonosomal heterochromatin bodies are present not only at early stages of development, but also later, up to the 17 th day pc. Nuclei with non-classic polytene chromosomes, as early as at the 13-14 th day pc, are transformed into nuclei containing numerous endochromosomes, probably as a result of disintegration of polytene chromosomes into oligotene fibrils. However, the disintegration, probably, does not involve heterochromatized gonosomal bodies because one or two large GCBs persists in the giant nuclei, the DNA content in separate GCBs remaining to be proportional to the ploidy level of giant nuclei. It seems likely that the presence of large blocks of constitutive heterochromatin favor a closer attachment of sister chromatids in polytene chromosomes, which prevents their separation into endochromosomes (in contrast to autosomes that do not contain the prominent blocks of heterochromatin). This suggestion is confirmed by data on a tighter and longer association of heterochromatic regions of X-chromosomes in mitosis in field voles [18, 46] ; this binding also seems to facilitate a close attachment of X-chromosome chromatids during endoreduplication.
